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(54) OPTICAL PICK-UP USING ASPHERICAL SOLID IMMERSION LENS 



(57) Abstract: 

PURPOSE: An optical pick-up using an aspherical solid immersion lens is provided to 
produce an optical pick-up having a simple and compact structure only employing a 
single aspherical solid immersion lens without using an additional collimator Tens or 
objective lens. 

• 

constitution: An optical pick-up using an aspherical solid immersion lens includes a 
light source(llO) for generating and emitting light, a beam splitter(140) for 
transmitting a part of the light emitted from the light source, a solid immersion 
lens(180) located on an optical path between the beam splitter and an optical 
recording medium to focus the light that has passed through the beam splitter on the 
optical recordinq medium, and a light-receiving module(250) for receiving light 
reflected from the optical recording medium to detect a signal. The first face(181) 
of the solid immersion lens is flat and the second face(182) of the lens is 
aspherical. The light emitted from the light source is focused on the first face of 
the solid immersion lens. 
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71^- »fl*M fl^Al^la, -%7\ <£sRr Mll^-g- Jg<3-§- #7l SJ«-*7}# <$Sfe M^-g- Bl?tt-fr 



5.1 

2«fl 3*1 «a, bIt 1 ^. SIL, #bJs- o]dJ^[ ^<g, ^ ^ = , fl-7^141^, ^-cl^a.. %-7+7l ji^s. 
^-71^. 

H 1-8- g- <fl-«32l X]l ^A]ofloO nH§ #-SJ<8 ^-SlS E.Al^-£^<>lJl, 

£ 3-& Mil ^oW^ 3_n i^S] M123* °l)AlSRr S^ul, 
S 4fe -g It^S) M|2 -S^^M «a S.*ltr H^olJi, 

^Srfe 7)^ ^ n &oY$\ ^Efl 7 )^ 
*B^-§- flaH 7]^- nfl^oil e^o} ^ fl^- ^x) ^(Solid Immersion Lens: SIL)# °1 

^1 S. $ TflAlj^ ^<>) ^ef ^014. 



^-£■^•71- ^fl3*U #4. ^-71^- nflsfjo] al^^SW flSJ/ifc- 71^-, *H^SHir #S)Sl %+%2\ 3.7)9 

#C^o> ^t].. #^2) A}~§- 3).^ Hl^l^jH 711^^1 «V»la||«r7l 37l# #0]fe. 3. 

Tfl ^2) ^31- Tll^M- HTfl Sfe SiCf. *4L£| ^J-^- #0]^ ^ 

as. la-^-i- ^Al7]fe ejol^i qol^.= ^ 7 fl#ol 4« f^olt).. 



^*H-*1 ^1-§-*fe fl)#3UM]2l 711?^ a>fl Sfe •g-'S^- Ml5.125,750&<fl^ ^-e.) 



# 
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°i s 6°ii yarn jm «*i «2« Ai-g.?}- sLAi^M 2. e** jeai^ 

SIM*! ^€ #€(10)41*1 <§H§« eJlol^^o] #2H*13 «S(12)».*^«rtlA| T%q^°JL£\5L 

fl**7i(i4)» **r*w «a**a(i6) ^ *sfl 3*1 «a(i8>* >fl*€^s <q*w?h €4. 

-8- 4H2(i6)b tl^VS <W*K 3*1 «&Q8)s. jufl 3*1 €a(i8)fe 7fl?-M- 3t1] s r 

*W #3^3(20)2] 4£7l*tt(19MHI ^Al?]7fl €4. °H 4IJfc7l*«(19) -9-^1 «-a- 
n 7)^AS-¥-Ei ^W^>£)oj tfA] a^l 3*1 312(18); ^#-8- 4|««2(16)» ^^«-7Kl4)ofl flA r *M 
^U, SHMM<14W*1 iaU}£)o] 3Bs.«a(22)» 7l*1 #3#7l (24)51 ^Vgt}. #3#7](24)fe ^A>^ ^2 



°H ^-g-g-. cfl#«S(16)Sl- aiSfl 3*1 Vfl2(18)« ^-SH ^*lfe 37) 
d ~ w / (NA » n) = w / NA 

<^7]Ai dfe- #^$2] a) 3. wfe A}^-S>fe ^ NAfe 3^-8- -?7l f^o} tHt^. n * -52^1] 3*1 

f$*sn ^#<»lt}.. ja^l 3*1 ^a* ^*°1 ^(.fiL-f- 2 °l-a-)3. A^-si-fe- ^-^ -s-j: 7 fl^ 

^(NAfrjt )7> 5H*lE_sL Aj-tjJ-gl 4-8: ^ &«*h. 

*t. #311 ^12) -fi-i: ^(NA W )» 3711 *7l flSJAJfe 3#-8- t)l#€^(16)2l tRtSKNA)* 3.H sM*> ^ 
^#8- tll-i-«2:(16)2l Tfl^HNA)* 3711 S>7] SliSMir ^#-8- ^#^2,(16)21 37l* 37fl SJK'&ch =L^\\, 
7flT l ^(NA fl . jt )* 3711 Sl-71 3#8- «fl#€2:(16)2l 37l* 3711 sfe 3-f 3#-8- 4««&U6)*t a 

311 3*1 ^(18)71- £443 W§ *flS.7 r ^7fl7> ^-7l4qx|7l HHM. JlSfl 3*1 €2.(18)21- ^7l-^ 4|4 M.^^ 
100~150nm *te 7|-a ^6))^ o^. Al-g^fe- Bfl©^ ^(air beari 

ng surface)* AV8-s>7l ol^^^tl-. 

S=#, !^|ol^ t)-olis.si|. ^ ^oflAi ^-A>E| fe jg^igo^. nKf-7] $js|-a] €-BH°lel ^i(12)# ■¥-'r^^S. 
^Sl-ol^ *|-a. s3^>g-S- Jl^l ^2l(18)U , gA>Al?l7l ^lofl 01#^2:(16)# ^7>S Al-8-81-71 <41§-<fl.. 

#*12] 4^-*l-JI tfl^^fe- 5-^7} 5a^, ^H=2l ^ i^H- A1-8-8J.71 na-S-oj) C^2) ^-ej- i*M- ^o() 

3«Ai3<>Kaiign) *>fe °i^-i- <> i sasa^. 

"KH; -S- ^21 ^-^^ >$7HAi <a^«- &7fl^^-# sflisi-fe 7fl^i^ ^1# >il-f-8rfe- ^^s.a1, oj- 
Sl-Ji 7M^ 7l^/7flA3o] 7Hr# ^1* ^l-?«rfe ^ol^r. 

£ *^2J JL* «*1 Afg-si-^ #i*2l 37l# ^"g ^ -8-<>ls>7ll ^al-, A> 

-8-«" 5SUr S^S. 71^^01 7>%-« 3*1* ^Jom. 

^-^4- ^«>7i 21&H, •& *a** a s^. *A>«te ^3)-, ^oiiAi i^-s- #avj§-2j 

fe- ^^^l^, Aj-7) «J^7l4 #7l4a A>e>lSl ^S.ofl Upl^Ol *a*#7l* **** ^-71^- i>ll^|<fl ^ 

^Al?lJ7 t ^-71^ «Wf #SHr ^1^-8: sg^-i- o]^Jl A> 7 ) l£^7l* <8=^ ^2^-g- al^-l- ^1-f-fe SL^ 

3*1 4-7l*«H4<H^ *A>H)fe -il^* ^#*rfe ^Ai ? ia 

^6))Ai -9-71 21* 3*1 21SII Jiafl 3*1 ^SSl 7t|l^o))Ai ^Aj-iJ^, *J-*lfe- ^71-21 # 

el»llol^ tfl.*^a Sloi fl-^efl^ q-^. iH+^-i- ^^i^ fl-7l*^*ofl ^^Ai^cf. 
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^ tl^(DVD), Dlv) t^H(MD), %A7\ 3^ ^S- JE€- ^ °n*l]2] 7iq/*|4«1 ^ flo. 

°l7]^fe -g^s) ^2|# ^3:71^0(1 oin] ji^s. 7]^ ^a. ais-i- ^<a 

£ l-fr *2:«Wi, -g- *fll *M«M «N& #*l7> £13 <H Si^. ^1 4*1441 n(«.^4 

eflol*i *€(H0), «««7](i40). slH «jq «2(180). $ ^*£*(250)-fr ^Hl^-tj.. 

€- < = *3~(220) S *fl*7l(240)» 

^ff7|(H0)4 ^^(200) A>ois} 24 «*(180)7> «H*lsq<>i 

2*8 «*| €*(180)fe *£l£^(200)* <8=Sfe 4l*l(381)& ^3* o^a ««-«-7)( 140)1- <8=«Hr 42^(182) 



o|^ol..oiei* *4(iioMl sflol^ tM.as.fe ^SH-as <* aj£^-(i20)o] T»W<>\ n 

#°f| Sfi Jf^-S mtsi\ 1^^(120)^- *3*«- 3*1 €S(380)<fl £t3j-;4| ^c}-. Bflol^J cM£.H. Efi 

1 <M-8-*lfe Ji:S:#(120)-8- h]^- O. ^-^17> 0.25mm 3£«l*l*>--g- -g 1421- ^-o] 4i-$4-«M|4Hfe -gzll 1 IL3jsq 
<H*> * AMMtJ-. nKH. £ 2* #2SM -MSfe «M- tfol, sl* Q*\ «2(180)£| afl2^<?l »1t 1 ^(182)S} «4 



£ 2<4>| ^-^1- s*M«|- ^ -#2} *3 "S-^i" x^W 4, n0. nl, n2fe zJ*J- *7l. iflo}^ tj- 

olii.s.sl iJ:*(l20), Ji*n ^*1 ^(180)21 -t-^l-olai, t0l€- fl-^ofl^ £.3:^(120)^21 7ie], tl-fr Jii*( 
120)21 t02fe JiiSK^oWl a4 3M ^ia(i80)2l 3 3?}*] 2} 7]eJ, t2fe nsfl €afij -f-^olJi, e 

0. 6 jft^llM U21 <aA>ZK5S]lol^cq.ol^.= (110)cil|AioJ ^.A}.^) ^ «^2H>H, e 2 fe ^^1 

^(180)21 ^1^(181)°H «2l <3AVz}-ol Jl^^. °1 iK^fe 'gol 

120)4 Jl4 41*1 €^(180)# -f-*H ^^3(200)21 ^2L7|s.^(202)°ll S.'&Sfe S^- ^-S.7]- ^<a^ 

fe 2^, ^^1^«Ha^ <aA>^3i). ««2h4d) ft3H cJ-^-fil i vfl^l ^SJ-i) 3* ^-i- ^ 551^. 



1 




-r«,H 2 



*=r 1 tan9 1 +(»-f,)tane 0 =(/ <)l +r 1 +f (]a +/ 2 -z)tan9j 



3 



Constant =n i 



cos8 



=H o f ol +n,r 1 +n o f 08 +M 2 f z 
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JlSfl ^2} *02£(182>.g- ^Sj-^ 1 xfl*l 3* *H**W<* 34 ^^l^lTfl ^t*. «j7Hfe 

c cos8 0 cosBt sin0 o a sin8 2 

""'Vol **"" 1 *\ +W 0 f 02 + " W 2 f 2 



*7l ^flM 1, 24 3 IE*r 4# 4^4 £4. 

5 

n o 

x ^^tanfarcsinC sin9^>] +(z-/ l )tane 0 

6 

/, (tane 0 -tan8 i)+rartan9 2 



(tan8 0 -»-taaBa) 



<^7H TX = tOl + tl + t02 + t2°d 
7 

r 1 (tane 0 -tane 1 )+2^rtane 2 
(tanOo+tanea) 



°J7W Co = n 0 t 0 i + nit x + not 0 2 + 1^2*3. 

€4. SUA 3*1 *a(180)4 tij^oi ^I2«(182)fi1 oflfe- £ 3<^1 °M4<H jfl4. 

*fll ^^l^l^fl 4€- **M *4*4fe *W*I 4°1AH.*! ^«(H0)^1^ tf^jfl IteMM ^«:«-7)(l 

40)1: *4«W ^*fl €4 «^(180)4I <a4-4<H JL* ^(180)3 *U<S(181) ^. ^4^3(200)2) 

-SA7]^(202)^ *-*«4. 

o)bJ, jiJfll ^(180)4 ^^a(200) Ai-o]^ 714 -*«7> 4<H -?7) ?h^o] 3-f afljc n 
««4 4# ^£4 34*11 444 »4. *4 *HMI o)<& g. *>oi £oi ^ **** &4. 
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S. 14 *C|$ #*H]Ai. tfl#^i^fi| ajcfl o-s.tHt 1 ^ JiS. #<H n0=1.00, nl=1.55, n2=l. 

8,t 0 i +t 02 =7.0mm, t 1 =0.25mm,t 2 =1.5mm^l ^-Mfe. 3.3% -fi-3L a)^o] 1.54mm =8 a a)tfl 

■frjt NA^o fe «t 1.39 ^ 5514. 

n0=1.00. nl=1.55. n2=1.576, t 0 i + t 0 2 = 7.0 mm, t j =0.25mm, t 2 =1.5mm<a ^-f^fe. SL^ ?J 
*l -frS. ^^«>1 1.36mm<§J£olJl S)t)] -fi-s: 7flT l 4 i NAajm "9 1.12 £-8- <r &»=r. 

$r^, n 0=1.0003.nl=1.55,n2=1.8, t 0 i + t 0 2 = 10.0 mm, t x =0.25mm, 1 2 =1.5mm^l ^-f<flfe-, aiafl 
si -fj-J: 1.56mm^H«>ljl ^tfl -S-J: 7})^ NA m ^ 1.42 ^H-i- £-1- «r 5(14. 

^3l7]^(202) $W&<M-3<H "«M 31* 3*1 €^(180)© 7^ 

7](140H ^^sl-Tfl S|J1, ^3-^-7) (140HA1 ^A>^^ 4=^a.i-(250)<fl <a^>€cl-. «fc ig«1M(i40)«M t u r£ 
«E.«2(220)« #3#7](240)3. «9A>^ul, ^#7l(240)«fl^ ^A>^ ^SSM ^) 

-e- -a^Hoi) ««w<>i3 ^^m- 3^-8- tut^n *vs-t- sh «>s. aooi^ 



tna, 4€- *H2 ^Ai^fe s. 4<fl sai^oj sac.^, ^dio)?i bh<>h t^oi^.=7> sl^*] *wq 

%#n<& %&°) *1 ^^H4 ^, ^€(H0)«fl^ ^-AVg]^. igo] jiSI) 3*1 <aA>s)-7l %® JSJL 

*<>1 fflfe 3j-f (tl-OXliA**! #««<>l.-?7l£| 3j-f ^ nl=n0<flS. 4^).<>14. *fl2 <gAH<fl 

^lfe * n}-ol^.=# ^«-§-7]4 31*11 €*1 **1*I*H Al-g-Sfe -fi-ji:*^ 

^■€(iio)<fl^ ttgtiHMSoi jm ^^oq ^aw^i sg^^-i^i ^-f^fife-, ^^i *^ >«2^ 

£- #'r^- ^-f S.^ ?>^7}o} ^."i (Cartesian oval)^°l €4. (RiC.Luneburg, Mathematical Theory of Optics, 
ppl29-131 ^2:) 

£ 5 #2SM, wq&SL* ^-i- €^«!-4. -frSrH- 7le)sl t-jI ^«flAi #*3fe ^ 

<fl S-^SnO^! •S^'flAis] cl^.gs.§r03l-Sl-jl, #^1- n2 <& ^q^sH ol-f-^S.^- r2 ol 8} ^ ifl, -tt^^ 

Al #^-«rfe ^-s.7> <a^4^ *m 4-§- ^-S- °1 ^^«r7fl ^4. E. 5 ^A] ^tgfij ^^j^. ^S|- 

a^lsva^M- ^ 7l# «-o>2) ^y-sj 7>^l 7j.af^ x 2 ^- s 2 -fj^a tfl^1«V^ -§--?lsV7fl 3*r€*l 

8 



r„=vz+j r,=v'(ii-i)^ 



°le1?!: 8 xfl^l 9* ^«rfe ^l^ili'l^a tr 1 ^. °H. 31*1 (a-A)7> ^cf. 



o)e\&*H2 =h& ^^Hieife- >m -aAi^«a|-^-A>sH, sno]^ ^01^.=^. ^-€(110)011 
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*i 1^34 sfl°l*l i a°l HKPH »S*j»7l» Y4«M aiJfl 3*1 €^U80H «B4«W 3**1 <H Jasfl 3*1 €^(180) 

Si 41^1(181) ^. *^3L(200)2l ^71^(202)^1 ^#€4. °H ^71^(202) <iH 3*4 3. 7l^ 
S^/44^01 4a] ^(180)-i- 7\H <^*E.f-(250)3. ^#7lS 34«H-. 3 °- ^6fl/.i 

«v«i- *<S44. 



^12 tfAH«W. tfl#€^^2l 3*1) ^KMJ^M-I- 2L*i. A2 ^Al^oflAi, n0=1.0003. n2=1.8, t 0 = 7.25 

mm. t 2 =1.5mm<a 3-f°Hfe. JI*fl 3*1 €^3 -8-Jl 1.54mm3H°lal ajtfl .frjfc 7fl^NA 4 1.38 

2# ^ 5tl4. 

43!, n0=1.0003, n2=1.576, t 0 = 7.25 mm, t 2 =1.5mmtl 31*!) 3*1 -g-a. z)^o] i.36mm^S.<>l 

Ji ^fll -B-Jl 7BT li rNA a iq, 4 1.1 ^J£^ ^ #4. o|5l# ^ ^fll ^Alojo^ a)tfl ^.j. 71)^^ Hlj3LS|.^, 

«fl6l^4°U=-2) sls:*^ -fHPfc -S-a 7flT^cfl ^4^- <g w &-§-§- <a-^ $4. 

<£<g2j j: SI- 
'S- 4«iH 4-E- *J-*lfe #«H°13 «s« Afi-^- $oi 43. ^o]^) 4o]^.= ofl^ q.£. gj-t- A]-g. 
471 **<B **12] 3=3=471- c-j* -8-*18il44. 

r - * 43°)] 4^ ^"S^lfe tfl#€^7l|S.^ ^7>2] 3*§" tfl««2t- 48"4 1=1121 JlJfl ^X) «a 

4* *B-8-4°l 444ji 4S4 t*2* 7M Tfl €4. 

ci^-oi, us)] Aj-g.3-.03.*} 7flT l ^M- 1 oi^-o^. 40} -9-^21 H7l# #"3 -r 5a<H*1 

°1 7}^^. 

4€, -S- ^°11 4^ *1)?144 sfloi^ 401^3=4 % A>^aj eS) )oi*]4oi.<2jE.# A}-g-4<3 jl^s. 7)*Wio] 

7>*4 **w **i» * safe &47> #4. 

(57) $^21 <g$| 

3^41. 

Jl^S. *7^ »1)*H 'SS.* 71^714 71^ XjiL^ TflAjSHr *s?U 4*H Si<H*i. 

44*8- >8%, #44^ *«4. 

4€- ¥4^171^ ^€-^-7l2l-, 

^71 «**7l4 *7lJt AM21 ^^oll SH*14<H U^«-7l^ ^-44 ^^-i- ^7]^- nH^oJl ^^-A^lJl, s£ 7 ] 

*7i^- »W# #4fe 4J-71 >fl€r«-7is *§=4fe ^12^^- al^-i- ol^-fe jasil 3*1 «~4. 

# i*4a, 

*J"7l ^«flAl 48- -jKWvfr- -8-71 SLA ^^ofl 2l«B 3*1 €2:21 ^fll^^Ai ^Aj-S) fe S-^O^. gj.i=. 

Hi ¥^ Ji^l 3*1 *1 -8-4 "9 ^-*1 . 

2. 
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x =f 1 tan[arcsui( sm6 0 )]+(T-/ 1 )tan6 c 



(tane 0 +tan6 2 ) 



n_ I 



( 0+ ' ,,) cose„ cos8i ~" 2 cosSj J ^(taneo-tane^+mane, 



«o »2 (tamfij+tan^) 
cos$g cos8] 



(<H?W nO, nl, n2fe- JW tL£%- « 3*1 i§ S2 } ^£#e>l jl, t 0l£- JLK9^44 tl-8r 

^^■21 H t02te Jii^H ajfl ^iSl *j^^>*l2l Tlel, t2fe Jisfl 3*1 «Sfil ^olji, e o. 6 i-a-^t 
A23l^ Us] <QW % e 2 feJisill^ ^a.2] aflnaofl <gA>^. ^s} <g*>zi- ( T x = toi + 

tl + t02 + t2, CO = nO tOl + nl tl + nO t02 + n2 t2<9.) 

* <a* ^<L2. «i^ ssn 3*1 «2« *>*i. 

A7> ^^^*121 TIE). a7> ^-«2l- A>ol2i ^^o] SL, n2fe- 2131 3*1 ^S2J #^S-oH, nO-8- -g-712) # 

**°lSFal «■ nj, -^-71 jPL^l 3*1 *fl2^^r 



-§• tf^ste 7>B}*]«1- ^(Cartesian Oval)9i "S-S-S ol-f-ol*] ?J-§- Sl-fe- hIt 1 ^ jZafl 3*1 «1*£ 

*^«a #*i. 
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H£ 3 



n«1.00.t *t "7, t -0.25, t k »1.5. L«8,75 

ft 01 02 1 S 




7.2 7.4 7.6 7.8 a 8.2 

z 
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